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RADIUM-CONTENT OF CEYLON THORIANITE*
By P. K. SEN CHAUDHURY
{Rccch'rd for pnblicaiion, Scpi, 7,
ABSTRACT. A pliotron-aiuplificr has hccii sot up for the study of uuuiy iiitorowstiiig 
micloar niid radio-active phenomena. With this aniplifici and ionisation chamlx-r, the radium 
content of a sample of Ceylon thorianite has been estimated hy the welJ-kmmn rray method 
of estimation, The amount of radium present approximately amounts to 5.94 >< 10 ®^ gins, per 
gm. of the mineral.
T N T R 0  D U C T I Q N
An accurate estimation of radium present in minute liaces, in different 
minerals lias been already known to be of much commercial importance due to 
a large demand of this element in medical science and in making luminous 
paints, Besides that, estimation of radio-active elements and the cqiiilil riuni 
aniount of their product elements in different minerals and rocks is of much 
theoretical interest to geophysicists. As only from such data we can calculate 
the age of the earth and trace the history of gradual evolution of different rocks 
and mountains.
The age of a rock or mineral is defined as the time elapsed since the begin­
ning of solidification or cry.stallisation from the molten state. This time can he 
easily obtained from the experimentally determined ratio :
Accumulated amount of (Bsinlegration product element
33
Rate of production of the product element
The product element is either helium which is nothing but the accumulated 
W-particles emitted by the successive disintegration products, or radiogenic lead 
which is the end product of the three radio-active series. The amount of helium 
or lead present per gram of a specimen is determined by chemical analysis and 
suitable analytical technique. But recent investigations show that in n'any 
C'a.scs helium-method gives erroneous results due to the leakage of helium from 
r ocks or minerals. Again as the life of parent radio-active elements, such as 
uranium or thorium, is very long there is negligible change in the amount of 
parent element since the beginning of rock-fornralion. Therefor e the rate of 
production of the product element is directly proportional to the amount of 
uranium or thorium present in the rock or rniueral. This amoirut can be 
ascertained by chemical analysis of the sample. But as the amount of uranium 
or thorium present is very small particularly in case of rocks, the chemical
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method is liable to considerable error. The alternative and much more reliable 
method dcvc]o])ed and followed by Evans (1940), Nier (1941) and all the modern 
workers is hy the comparison of ionisation current produced by certain weight 
of a specimen with that of a standard source. Usually a- and /J-rays are cut off 
and the ionisation due to y-rHy only is compared. In case of very feeble source, 
iiumimn, etc., present can be directly determined by counting cx-rays emitted 
by a thin layer of the sample. The comparison of ionisation current or the 
counting of fA-|.)arlicles being done by an ionisation chamber with an electrometer 
or a vaciiiim-lnlie amplifier.
'Hie present work was undertaken for a systematic estimation of radium- 
content and also for the age-determiiiation of Indian minerals and rocks in 
co-operation with Dr. Fox, Director, Geological Survey of India and Dr. Wadia, 
Mineralogist to the Government of Ceylon. Both of them very kindly consented 
to help us in this work.
A P r  A R A T U S
The aiiparatus set up for this exi)eriment i.s an electrometer-tube amplifier 
with an ionisation chamber. In recent years nich an arrangement has been 
extensively used for the study of various nuclear and radio-active pioblcnis. 
Due to reliable results and very convenient manipulation it is quickly replacing 
electrometers and electroscope for the invOvStigation of these problems. The 
cleclrometcr-tube selected is an F . P. 54, jjliotron tube designed by*Metcalf 
and Thompson (1930). The circuit used is same in ])rinciple as that of Dubridge 
and Brown (1933). A Deeds and Northroup R-type of galvanometer was 
balanced by the plate current and the space-charge grid current of the tube. To 
eliminate drift and for fine control, various resistances were selected by trial. 
The actual circuit set up is show n in Fig. j .  Further to eliminate mechanical 
disturbances the ionisation chamber w as carefully mounted on the Pliotrou-tube 
enclosed in a brass cylinder. The mounting is shown in Fig. 2. Using 
in'' ohms as the leaking resistance a sensitivity nearly amp. per millimeter
deflection w^ as ol)tained.
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T H E  E S T 1 M A T I (1 N O F R A D I U M  I N  T H i; ]vi I N K R A I,
'J' II 0  R I A N r T E O V C E Y R o n
The mineral under investigation was sent 1>y Dr. A^■ adip on Ixdialf of Ihc 
Government of Cevlon for tlie estimation of radium-content in the mineral. 
A particular sample of the Ceylon Ihorianile has been chemically auaiyscd as 
early as about iq io  by Soddy (1910) and as referred by him, the sample contains 
60 to 70% of TliO|> and from 10 to 20% of T1;,Os. The mineial will therefore 
contain both radium and its isotope mesolhorium 1. From this chemical 
analysis, the approximate amount of radium and mesolhoiium 1 picsent can 
be theoretically obtained from the consideration of radio-active c(|uilibriiun. As 
it is interesting to compare the theoretical amount with that estimated by physical 
process, we have calculated the theoretical amount as shown below. When 
a radio-active element is-in  equilibrium with its product elements then from 
the law of radio-active disintegration it follows that
(NiAi)lj =  (N2Aa)iu
(NiAi)Th= (N2A2)mst1)1
(1)
(2)
where N i repre.seuts the number of uranium and thorium atom.s present in the 
respective cases and that of radium and mesothorium i atoms present 
in equilibrium, A’s represent the decay constant of the respective clement.
Det us first calculate the radium-content per gm. of the mineral. It is
experimentally known that Ai,  ^ Jo sec"', All,, =  1.373 i< -1 I sec
and atomic wt. of 11 =  230 and of Ra —2.26. If the percentage of pre.sent
be a.ssumed to be 15% , the mean value of the chemical analysis, then i gtn.
of the mineral will contain ^  gms. of D. Since 23S gms. of uranium
20 X 842 ■
contain 6.06 X ro^® atoms (Avogadro number) therefore 1 gm. of the mineral
will contain ^ - atoms of U. Therefore if there are Mu,, atorn.s
20 X 842 X 238
of radium in equilibrium then from (i) it follows that
3 x 7 1 4  X 6.0^ 6 X io 2 '^ ^
20 X 842 X 238
X 4.9 X 10 Nil,. X 1.37 .-11
. N b«= -3-^ -  ^4.0 0 ^roms.
20X842X238X J.37
Again 226 gm. of radium contain (6.06) x lo*'* atoms iherefcie the wt. of N hu 
atoms of radium is
_ 3 x 7 1 4 x 6.06x4.9 X 226 X 1 0 '"  . 3 ,  X 10 -" gms. 
2 0 x 8 4 2 x 2 3 8 x 1.3 7 x 6 .0 6 x 10 ^ ''
One gm. of the mineral contains about 4.32 x io~* gms. of radium.
Similarly if the percentage of ThOg is 70, then from the experimental vahre 
of Ati,s= i ,33 x io“ t* sec"*, AMsTh^=3.28x 10 ""  sec ' and the atomic wt, of
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thorium and niesothoniun are 232 and 228 respectively, it follows that 1 gm. of
'11*.1 • 1 , ‘ 22<S X 70 X 1 ,33 X id 'the mineral contain '  "26, 4  X 3.28
2.45 X gms. of MsThl.
From this calculation it follows that although the percentage of TI1O2 
much higher than that of U jjOb still the equilibrium amount of mesothorium j 
is much smaller, almost negligible in comparison with that of radium. This is 
however due to the fact that the lialf life of MsTliI is much shorter than that 
of radium.
1C X  P  K R  I M  JR N  T  \  h P R  O C K  D U R  E
Tlie radium-content of the mineral has been estimated by the well-known \
y-ray method of estimation. \ 
An ionisation chamber to­
gether with the pliotron 
amplifier described above has 
been used to compare the 
ionisation current due to 
y-rays of a certain weight of 
the mineral with that of a
standard y-ray source, under «
exactly similar conditions. 
The ionisation chamber con­
structed is a lead cylinder 
about 5'' long and of inter­
nal diameter about 2". The 
thickness of the wall is i cm. 
The collecting electrode is a 
brass wire of diameter 
about 1/16", and insulated 
fjom the wall by an amber 
cork. About 230 volts be­
tween the _wall and the 
central electrode was found 
sUflicieiit to produce satu­
ration current due to ionisa­
tion. The collecting elec­
trode was connected with the 
grid of the pliotron tube and tlie mounting was done as shown in the Tig. 2. 
The standard sample used is 0.47 milligram of radium in the form of radium 
bromide. The ionisaliou curreut was compared by comparing the deflection in 
the galvanometer scale. The approximate linearity of the deflection was tested 
by taking the standard source at diflerent distances from the ionisation chamber.
ro />UMP
F i g .
E X P E R I M H N T A Tv D A T A
The mean deflection for 0.47 iiiilligTam of radium 255 mm.
>» .1 217 gm.s. of thorianite 7 mm.
Radium content of per gm of the mineral =  =  r 04 x io~» cm
250 x217  ' *’ ■
As the mineral was spread in a thin layer of about 5 cm. the correction due 
to self-absorption was small and therefore neglected.
From this experimental estimation it follows that the radium-couteul per 
gm. of the mineral of this sample i.s appreciably greater than that obtained 
theoretically from vSoddy’s chemical analysis assuming the percentage of 
lobe 15% . The percentage of >8 ajipears to be 20.65% which is very neai 
to that of the upper limit of vSodcly 's estimatiou.
When this work was undertaken it wa.s akso the idea to estimate the age ol 
formation of the rock. As already stated the age can be easily calculated from 
the well-known method of Icad-urauium ratio. When radium is estimated by 
V-ray method, the amount of uranium i>iescnt can be calculated by the considera­
tion of radio-active equilibrium. But for the estimation of lead, a chemical 
analysis of the .sample is nece.ssary. Moreover the lead present in the mineral 
is generally a mixture of different isotopes of lead pioduced by the decay of 
uranium, thorium, and actinium and probably some trace of ordinary lead, 
'riierefore a inass-spcctrograidiic analysis of the lead is necessary to ascertain 
the percentage of uianinm or any other type of lead. For all these difficulties 
the work could not be proceeded further.
In  conclusion I express my thanks to Profe.ssor M. N . Saha, F .R .S ., for his 
kind guidance to complete this work. My thanks are particularly due to 
Dr. Wadia, Mineralogist to the Government of Ceylon for kindly supplying the 
mineral Thorianite and permitting me to publish the radium estimatiou of the 
sainple with this apparatus. My thanks are also due to Dr. B. D. Is’ ag Choudhury 
and Dr. S- C. Sirkar for many helpful suggestions. I also acknowledge my thanks 
to Dr. D. M. Bose, Director, Bose Research Institute, Calcutta, for kindly permit 
ting me to complete the work.
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